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Introduction

The deliquescence (DRH) and efflorescence (ERH) relative humidities for
atmospheric aerosols are independent of particle diameter for particles outside
the nanosize regime. For very small particles (< 60nm), however, the DRH and
ERH can exhibit size dependent behavior due to the increased contribution of
the surface energy to the particle’s total energy. Deliquescence and
efflorescence are illustrated in Figure 1. Models based on free energy
calculations vary in their prediction of DRH behavior for nanoparticles (Russell
and Ming 2002 ; Mirabel et al. 2000). It has been shown that the DRH of
sodium chloride (NaCl) nanoparticles increases with smaller particle size
(Biskos et al. 2006a), while the DRH and ERH of ammonium sulfate (AS)
particles were found to be size independent for diameters as small as 6nm
(Biskos et al. 2006b). The size dependence of the hygroscopic properties of
other ammonium/hydrogen/sulfate

aerosols are being investigated,

and  preliminary  results  for

letovicite, ~ (NH,);H(SO,),, are

presented. Additionally, results for

potassium iodide (KI) are shown

where the size dependence of the

DRH differs from  previous

inorganic salts studied.

Figure 1: Efflorescence and deliquescence.

Experimental Setup

The details of the experimental setup are described by Biskos et al. (2006b) and
a schematic is shown in Figure 2.
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Figure 2: The Hygroscopic Tandem-Differential Mobility Analyzer Experimental Setup. For
deliquescence measurements, valve A is closed and valve B is open; for efflorescence
measurements valve B is closed and valve A is open. Ultrahigh purity nitrogen with citric acid
filters was used for all flows when conducting the letovicite experiments because small particles of
this composition can be neutralized to pure ammonium sulfate by the ammonia present in air.

Key: AG, Aerosol generation; Kr, Krypton neutralizer; NCW, Nafion at >95% RH; NCA, Variable
humidity nafion; CPC, Condensation particle counter.

Results I: Letovicite

Letovicite deliquescence data was
collected for particle diameters
between 90nm and 10nm.  The
aerosol particles were generated
from a 1:1 solution of ammonium
sulfate and ammonium bisulfate via
atomization for diameters 90nm,
60nm, and 20nm. Electrospray was
used to make 20nm, 15nm, and
10nm particles. As indicated by the
20nm measurements made with both
methods, shown in Figure 3, there
appears to be an experimental bias
between the two methods of
generation.

Figure 3: Experimental DRH values as a
function of particle size compared to the bulk
DRH values for ammonium sulfate and
letovicite.

All of the aerosol generated via electrospray exhibited deliquescence points around
79-80% RH which are consistent with the DRH value for AS particles. These DRH
values could indicate that there is some undetermined source of ammonia
neutralizing the letovicite aerosol to ammonium sulfate before the deliquescence
measurements are made. This has been shown to be a significant problem during
the generation of sulfuric acid aerosol when any air or ammonia is leaked into the

system.

There is a size dependent response when the atomizer is used for aerosol
generation. The largest particles, 90nm, exhibit a DRH of 70+2%, which is within
error of the literature DRH of 69.5% (Braban et al. 2004). The DRH increased for
60nm particles (~72%) and 20 nm particles (~76%). This increase could either arise
from size effects or increased particle neutralization for small particles. If a trace
amount of ammonia is present in the system, it could neutralize the smaller particles
more efficiently, causing the DRH to increase as the aerosol composition
approaches that of ammonium sulfate. All experimental growth curves are show in

Figure 4.

Figure 4: Growth factor, or the ratio of measured diameter to dry diameter, is plotted as a function of RH.

The red curves are a model for letovicite water uptake that includes the Kelvin effect.

Results II: Potassium lodide

A decrease in both the DRH and ERH was observed for KI with decreasing
particle size, as shown in Figure 5. This inorganic salt behavior differs from
previous observed behavior for NaCl and AS (Biskos et al. 2006a; Biskos et al.
2006b). If impurities were present in the particles, this could cause a decrease
in DRH with increasing contamination;

however, the KI particles

(60nm to  10nm) were

generated using the

vaporization-condensation

method, which is considered

to be the purest method of

aerosol generation.

Measurements  should be

taken using other methods of

generation to test for the

influence of impurities.

Figure 5: Experimental DRH and ERH data
compared to the bulk DRH of 68.86+0.24% RH
(Greenspan 1977).

Conclusions

*The large diameter letovicite (90nm) data collected using the HTDMA system
agrees well with the DRH measured by the bulk solution method, and is
therefore most likely pure or nearly pure letovicite.

*An increase in DRH is observed for sizes smaller than 90nm, but it is unclear
whether this is an artifact of small particle neutralization by ammonia or purely
nanosize effects on the DRH.

« The DRH and ERH for KI decrease with decreasing particle size. The data for
this salt differs from the behavior observed for some other inorganic salts
(increase in DRH for NaCl and size independence for AS) and could lead to
insights into the development of a deliquescence theory that explains such
results.
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